The structures of six novel spirodihydrobenzofuranlactams I~VI (1~6) were determined by spectroscopic methods.
(Received for publication January 8, 1996) The structures of six novel spirodihydrobenzofuranlactams I~VI (1~6) were determined by spectroscopic methods.
Six novel spirodihydrobenzofuranlactams I~VI (16 ) ( Fig. 1 ) have been identified in extracts of two different Stachybotrys species as antagonists of endothelin and as inhibitors of HIV-1 protease. In a recently published paper1} we described the fermentation, isolation and biological properties of these secondary metabolites 1~6. Besides this novel class of the spirodihydrobenzofurans including the lactams 1~4, 6 and the imide 5 the known spirodihydrobenzofuranalcohol L-67 1 7762) was isolated. This inositol-phosphate phosphatase and HIV-1 protease THE JOURNAL OF ANTIBIOTICS inhibitor L-671776 is structurally related to K-763) and to the described avian myeloblastosis virus inhibitors
Mer-NF5003B, E (7) and F4). In this paper we will resent the structure elucidation and physico-chemical properties of the spirodihydrobenzofuranlactams 1~6. The FTIR spectrum of the spirodihydrobenzofur anlactam 1, prepared as a potassium bromide pellet, is shown in Fig. 2 Chemical shifts given in ppm. aSolvent DMSO, 80°C, bsolvent CD3OD, csolvent DMSO/CDC13, d 1", 2" for 2, e 1", 2", 3", 4" for 3, f2", 3", 4" for 4, g2", 3", 4", 5", 6" for 6, hhidden under solvent peak, proton number.
furanlactam 6.
The shift assignments in the XHNMRspectra of all spirodihydrobenzofuranlactams (1~6) are summarized in Table 1 . The numberings of the carbon atoms of the different compounds 1~6 are given in Fig. 1 . COSYand NOEexperiments on compound1 allowed the attribution of all signals in the XHNMRspectrum and established the definitive stereochemistry of this compound (see Fig.   4 ). The only two protons of the five-membered lactam ring at carbon atom C-5 form a typical ABsystem for the compounds 1~4 and 6 and have chemical shifts in the range of4.1 to 4.8ppm. The protons at C-5 of the compounds1~3 show typical coupling constants of /= 18Hz, while the coupling constants in the *H NMR spectrum of the spirodihydrobenzofuranlactams 4 and 6 cannot be determined (multiplets). This signal is of course absent in the *H NMRspectrum of the imide 5. The protons of the methylene group at the carbon atom C-10 in the five-membered ring of the spirocyclic ring system belong also to an ABsystem, chemical shifts of 2.7 to 3.2ppm were measured and the coupling constants of these methylene protons are in the range of /=18Hz for all compounds 1~6. The protons at C-10 showed NOEs to protons at C-12, C-21 and the equatorial proton at C-17. This finding determined the stereochemistry of the spirocarbon atom C-l l. Depending on the solvent system used the aromatic proton at C-9 showed a chemical shift range between 6.55ppm and 6.82ppm for all six compounds. The absence of an NOEfrom the proton at C-9 to the methylene protons at C-5 or C-10 established the sub- VOL.49 NO.4 THE JOURNAL OF ANTIBIOTICS stitution on the aromatic ring. Most of the signals of the protons in the XHNMRspectrum of 6 do not appear as doublets due to the pseudosymmetryof the spirodihydrobenzofuranlactam VI (6). However, metabolite 6 showedtwo distinct singlets at 6.66ppmand 6.68ppm
for the protons at C-9 and C-9', due to the pseudosymmetryof the bridge between the two spirodihydrobenzofuranlactam moieties. The proton signals of the methyl groups at C-23, C-24 and C-23', C-24' respectively appeared also as singlets at 0.98ppm, 0.90ppm and at 0.96ppm, 0.88 ppm respectively.
The methyl groups at C-21 and C-21' showed a doublet at 0.72ppm and the methyl groups at C-22 and C-22' a singlet at 1.03ppm for metabolite 6. The chemical shifts of the four methyl groups for the compounds1~5 are in the same range as those for the spirodihydrobenzofuranlactam VI (6) and have been attributed based on NOEexperiments. The assignments are well in accordance with the data reported in literature for the related sesquiterpenoids Mer-NF5003B, E and F4). The relevant NOEsfor compound 1 are given in Fig. 4 . The methyl groups C-23 and C-24 could be differentiated by the observation of NOEsfrom the protons at C-23 to the methine proton C-15 and from the protons at C-24 to those of the methyl group ofC-22. The equatorial position of the methyl group at C-21 could be proven by the detection of an NOEbetween the protons of C-21 and C-10 and by the absence of an NOEto the protons of C-22. The signal of the methine proton at C-19 appears as a multiplet in the range of 2.6ppm to 3.35ppm in the individual *H NMRspectra. The axial position of thre hydroxy group at C-19 was determined by the presence of NOEsfrom the proton at C-19 to the protons at C-23 and C-24 as well as both methylene protons at C-18. In addition the magnitudes of the NOEsto the methyl groups at C-23 and C-24 were comparable and they were also about the same for the two protons at C-18. The remaining protons of the decalene moieties showed chemical shifts between 1.3~2.25 ppm and could not be assigned individually.
The spirodihydrobenzofuranlactam II (2) showed two additional triplets at 3.8 and 3.7ppm with a coupling constant of/=6Hz for the protons of the side chain at C-l" and C-2". In the XH NMRspectrum ofmetabolite 3 the multiplets at 4.08ppm and 3.6ppm were assigned to the protons of C-1" and C-4" respectively, the triplet at 2.32ppm to those of C-2" and the multiplets between 1.4-2.18ppm to those ofC-3".
Only the proton of C-6" of compound 6 showed 377 an additional multiplet at 3.55ppm in the XHNMR spectrum compared to that one ofmetabolite 1 or 5, The remaining methine or methylene protons of the bridge of 6 were assigned to the multiplets at 4.2-4.8ppm
(methine protons) or to the multiplets at 1.3-2.25ppm (methylene protons), as it is also the case for the methine protons (4.4-4.8ppm) and methylene protons (1.3-2.2ppm) of the side chain of compound 4. The 13C NMRspectra of the spirodihydrobenzofuranlactams 1, 3 and 6 were recorded at 100MHzand the detailed data of these spectra are listed in Table 2 . The interpretation of HSQC spectra of all three compounds and HMBC measurements of compound 1 allowed the full assignments of the signals in the 13C NMRspectra. In the 13C NMRspectra of all compounds the chemical shifts of the carbon atoms in the spirodihydrobenzofuranlactam core structure are well in accordancewith the proposed structures.
The assignments of the 13C NMRchemical shifts for C-2 and C-2' to C-9 and C-9' for the metabolites 1, 3 and 6 are based on the results obtained for the spirodihydrobenzofuranlactam I (1). In the 13C NMRspectrum of compound 1 the signals were attributed as follows: 174.ll ppm to the lactam carbonyl C-2, 157.78ppm and 155.20ppm to the carbon atoms C-6 and C-8 carrying an oxygen, 134.73ppm to C-3 adjacent to the lactam carbonyl, 1 18.99 and 1 16.73 to the 1sr/72-hybridized carbon atoms C-7 and C-4, the doublet 102.08ppm to the methine C-9 and the triplet 43.91 ppm to the methylene C-5. In the 13C NMRspectrum of metabolite 6 all signals of the aromatic ring and the lactam ring (C-2 and C-2' to C-9 and C-9') and some signals of the decalene and the five-membered ring of the spirocyclic ring system are further split due to the pseudosymmetric bridge in the molecule. The most significant difference in chemical shifts was seen in the case of the carbon atoms C-5 (48.36 ppm) and C-5' (43.57 ppm) which can be explained by the influence of the adjacent carbon atom C-2" bearing a carboxylic group and by the proximity of the methylene group C-6".
HMBC correlations
were measured for the carbon atoms C-5, C-9, C-10, C-13, C-15, C-17, C-18, C-19, C-21, C-22, C-23 and C-24 in compound 1 and are summarized in Table 2 . These experiments enabled the full interpretation of the 13C NMRspectrum of compound 1 including the decalene moiety of this molecule. The shifts of the carbon atoms of the decalene moieties and the five-membered rings of the spirocyclic ring system compare well to those reported for Mer-NF5003E4). It 15, 16, 17 15, 19,20,24 15, 19,20,23 Chemical shifts given in ppm. a Solvent CD3OD,b solvent CD3OD,45°C, c hidden under solvent peak. by NOEmeasurements. A comparison to previously described fungal metabolites has been made.
Experimental
The following instruments were used in this study:
Bruker spectrometer IFS 48, VG 70-SE (FISONS Instruments, Mainz-Kastel) , Finnigan MAT90 or Varian MAT CH7 mass spectrometers, Varian VXR-400 S NMRspectrometer.
Spectroscopic Data of 1 Crystals from EtOAc. IR vmax (KBr) cm"1: 3389, 2935, 2874, 1682, 1466, 1387, 1348, 1333, 1261, 1146, 1128, 1086, 1038, 1009, 989, 960, 945, 878 
